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1. Devlo-mpnt of arnEffc.ctive nnd PatelVcieAnns Fierirntal sud

A. Rabbits were vaccinated intramusettlarly at 3-wcek intervals with & total of

3 vaccine doses, each contnini-ng an equal volume of .4 X 107.irradiated,

liquid nitrogen- prose rved T. pa11'dtim and an allinato-glucona te adjuvant.

1.* Intradermal challenge revealed enhanced partial imunity compared t~o

that achieved without adjitvants.

.2. One animal developed kktent syphilis following vaccination, indicating

the presonce of infectious treponemes In the vaccine*

3.. Each of the vaccinated animals developed VDRL antibody;# in contrast, none

of those tested'to date have developed TPI antibody.

B. Preliminary studies indicate that TrEcponer- a 1 j (jius Nicho1l. strain,

suspensions can be purified by both multiple centrifugation and

discontinuous Picoll density gradient techiniques.

* D o1km 1  (PAGE 1)

S/N 0101-807-6601 @AJq'J (il security ciassification



- -Abstract (continued)

I. Mechanism(s) of limune Response In ExperiLTustal and Hu Syphilis

A. The Role of Ht-poral Antibody

It has now been possible to demonstrate a humoral mechanism operative during

the immune process in experimental syphilis. Passive protection experiments

utilizing the continuous daily injections of immine sera into normal recipient

rabbits following challenge has resulted in significant delays in the incuba-

tion period and/or the development of flat erythematous, atypical lesions comIpared

to control aniviials. Further, preliminary netralization experinents have shown

that rabbits inoculated intraderm..lly with " -pene.e-immune serum mixtures

incubated at 340C for 16 hours fail to develop lesions,,duringta 55-day.

observation period, as compared to tricneme-non- itme serum eocnta, tes .
where typical lesions occurred in 14-18 days. Studites tor hmne t role f

humeral antibody in thehuman inmune responve have been.plar-nd.
B. . anti. n d" -;-

- , ? B. The Role of C, ll Y-.,.dinted Ph(,n, ,.- ,m" -.. ,-

Preliminary studic; havw shown th,-pipherl lnpocyt., prcpared fro paients:

with secondary aud latent syphil.l -havye a sign .ficant ,cytotoxic effe- upon To

P f. idu u , Nichols stra i, su g g i : that -nell-indiated ph..ne ,na play a role in

the huiman syphilis inmmue proce .. - .

in. The "In Vitro' Cultiv' rjnn of in T.... ._ ... ltu.e ...... '..r..

Treponemes inoculated: into se-ond.rg monoiayer cultures derived frets uninoculated

rabbit testicular tis3ue Were shomi to hvo take. up an Intracellular resid~cn

f within 30 minutes rfter inocuaLioun Prelitain*iry results indicete that the vi.rulence

of the intra&ellular organisms persist f6r. at U_ ast 24 hours.

. ' I
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ANNUAL REPORT NO. 2

BACKGROUND AND RESEARCH ACCOMPLISHMENTS

1. DEVELOPMENT In'? AN EFFECTIV AND PRACTICAL VACCINE AGAINST EXPERIME"TAL AND

HUMAN SYPHILIS (OBJECTIV! NO. 1)

A. Immnization of Rabbits with Liquid Nitrogen-Preserved, 7-Irradiated IrtonAnMa
VAJJ4Mj Nichols Strain,, in a Reduced Injection Schedule (With and Without

Adjuvants)

1. Degree of Homolosous Acquired Resistance

The basis for continued studies toward the novelopment of a practical

vaccine has now been firmly established (Miller, 1973). Briefly, it has

been shown that rabbits immnized intravenously over a 37-week period

witb. a total of 3.71 X1i09 freshly isolated, 7-irradiated T. vallidum,

Nichols strains are completely immune to intraderuial challenge with

homologous treponemes for at least one year following the completion of

vaccination. However, as indicated in Annual Report No. I and Renewal
Application 4/18/73, the use of 60 Intravenous injections over a 37-week

period is far from practical and points to the necessity for studies

designed to determine immngenicity with reduced numbers of imwnizing

Injections, with or without adjuvants. Such reduced vaccination schedules

require the use of individual doses containing significantly larger

numbers of attenuated treponetues thar those used to achieve a total dose

of 3.71 X10 9O org&nisms. Additionally, if the development of complete

resistance is dependent upon the intact immnological integrity provided

by f reshly- isolatedv 7-irradiated T. ta.Lidum as postulated, then it -Ito

becomes essential to ireserve them in this state over relatively long

periods of time rather than relying upon the impractical method of
vaccination the day of extraction and irradiation. The most satisfactory
and practical proceduret for preservation was formulated after a year of
exhaustive investigation. Treggon yallidua, Nichols strain, is exctracted

from infected rabbit testes In 70 or 140 %l of 50% serum saline equilibrated
with 95%~ N2 - 5% C02. depending upon the availability of rabbits with a

suitable orchitis. The suspension is centrifuged at low speed to reom
gross tissue debris, adjusted to contain not more than 6.5 X 107 organisa
per al. then observed for motility. The suspension is then dispensed In 11
al amounts into each of 6 or 12 tubes (depending upo* wbether extraction was
carried out in 70 or 140 al). Six tubes are placed in specially-designed 6-
tube plastic holders and equilibrated with 952-N2 5%CO2 (if 11 tubes of suspension
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',:e prepared, a second plastic holder is used to accomodate the remaining

6 tubes). The plastic holder(s) is placed in the central well of a Co60

source, and exposed to 650,000 ra*'s. Thus. the irradiation process is

completed in one or two short exposure times which vary monthly

depending upon the decay rate (presently it is 25 minutes,39 seconds).

The 6 or 12 tubes of treponemal suspension are pooled, motility is

determined, and glycerol is added to a final concentration of 15%. The

irradiated suspension Is then aliquoted into 2 or 4 tubes, and sedimented

by centrifugation at 19,000 X g for 30 min. The supernatant is completdy

removed from 1 or 3 tubes, decanted to 1 al in the 2nd or 4th tube, and

stored at -20°C. The sedimented trepoemes in the tube(s) containing 1 ml

of rvrua-saline-glycerol are resuspended, then transferred to the remaining

I or 3 tubes (one at a tine, in the case of the latter), for resuspension

of the sedimented organisms. The final suspension, which contains from

0.82 to 6.5 X 109 7-irradiated T. pallidum, Nichols strain, is dispensed

into sterile 2-al-capacity vials, placed in the levco (-760C) for 30

minutes, then stored in liqu'4 nitrogen at -200oc. Morphology, as

determined by darkfield examination, is excellent. Further, the degree of

motility after irradiation and just prior to storage has always been

essentially the same*

Preparation and storage in liquid nitrogen are carried out periodically

(depending upon rabbit orchitis availlb.Iity and necessity for imuno-

serologic testing) and have been continuing for the past 3 years.

In March, 1972, enough vaccine doses viro accumlated to initiate

experiments utilizing preserved, irradiated trepon-mes in both a reduced

intravenous and reduced intramuscular infection schedule without adjuvants.

JAs described in Annual Report No* 1, the I *l vials of vaccine were

thawed the day of Inacculation and pooled to give 27 to 50 *l of a

treponamal suspension containing approximately 2 to 4 X 109 organisms

per ml. The orpholoay by darkfield was exellent. FurtLer, no change

in the degree of motility was noted after thawing just ortor to inoculation.

Iach of 12 cabbits was imanid ltravenously and each of 12 intramuscularly

at 3-week intervals with a total of % vaccine doses, each containing

appromiately 4 X 10 trepomemes (total of 12 X 10 m oe animal died
during the imniation procedure. No siegificaut weight lose was observed

aong any of the vaccinated animals durfrg or after iumniaatio. Darkfield
exa.ination of the testes of each rabbit 2-1/2 veeks after the !irst 2
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injections aad one week after the last injection was negative, suggesting

the non-infectivity of the vaccine doses. As a further check on

infectivity, a single popliteal node and testis were removed from each

of 22 surviving animals one week after the last imnunizing injection

and inoculated into the tests of serologically non-reactive, normal

rabbits; 2 intravenously immunized and 4 intramuscularly iMPinized donor
rabbito died as a result of the surgical procedure. None of the recipient

animals showed evidence of infection during the 6 months of observation,

as measured by negative darkfield examination and TPI tests. Three weeks

after the last immunizing injection, the 9 animals vaccinated intravenously,

the 8 vaccinated intramuscularly, and the 12 non-immanized controls were

challenged intradermally at each of 4 sites with 1500 virulent T. gallidum.

Nichols strain, per site. 8 of the 9 animals immunized by the intravenous

route #homed a significant delay in the development of lesions, rangina from

6 to 9 days after the average incubation period of 11 days in the non-
immunized control rabbits; one animal failed to develop lesions during the

88-day observation period and was considert.4 immune on the basis of negative
darkfield, PTA-ABS, and TJ'I tests obtained during 6 months of observation

of the normal recipient injecteO intratesticularly with the right node and

testis of the vaccinated animals,, Each of the 8 animals immnized by the

intramuscular route also exhibited a significant delay in the development

of lesions* ranging from 5 to 7 days after the average incubation period*1 in the non-ismanized control rabbits; one anivwl d'wcloped atypical, flat,
darkield negative lesions which healed 34 days after challenge, at a time

when the non-Immune control rabbits vere exhibiting indurated sad/or
ulcorati.,e lesions; right node and testis transfer into the test*s ofa
normal recipient after 88 days of observation resulted in no evidence of
infection, as measured by negative darkfield examinatior, MT-ASS, and
MI tests carried out during the 6-mouth observation period.

Thus the experiment clearly show*s that sam& degree of hemologous acquired

rosistace develops a" a result of intravenous or intra uscular vaccination
with liquid nitrctgea-proervad L. naom Nichols stratn, employing a
practical time sahedule, and provided a sound rationale for experimants
uttising adjuvant&.
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The use of a sodium alginate-calcium glucosate adjuvant to enhance the

immne response was predicated upon its successful use with particulate

Styghi vaccines and the possibility of its utilization in humans without

harmful effects (Shapiro, Modais and Kohn, 1967). As in the previous

experiment without adjuvants, the 1 =1 vials of preserved irradiated

treponemes were thawed the day of inoculation. They were then pooled to give

18 to 19 al of4 a treponemal suspension containing*'4 X 10O9 organisms per

ml, and combined with an equal volume of 47. sodium Iginate-0.677. calcium

gluconate adjuvant containing 0.47. phenol as a presevative. The

morphology of the treponemes in adjuvant by darkfield microscopy was
excellent, and no change in the degree of motility was noted just prior

to inoculation. In an effort to employ the same Injection schedule as in

the non-adjuvant experiment already described, each of 15 serologically

non-reactive rabbits was tunized by the intramuscular rout* at 3-week
intervals with a total of 3 vaccine doses (2 al per dose), each containing

an equal volume of the preserved, irradiated treponefh- adjuvant mixture;f each animal thus received a total of#'l12X 109 orgaioin!-; one animal died
during the iuniwzation process. No significant weintt losst wae observed
among any of the vaccinated animals during or aft% r iwsunir-stion. Dsrkfield
examination of the testes of each rabbit 2 1/2 *oaks after each of the first

ij ~ 2 injections and one week after the last injectiou was negative augestiO
the non-infectivity of the vaccine dose#. As a further check on infectivity,
a single popliteal niode and testis were removed f ram each of the 14
surviving animals ooe week after the last iinaniuing in jection and inoculated
into the teste of serologically non-reactive, normal rabbits; 2 of the
imnized donor rabbits died of unknown causes following the surgical

procedure and prior to challenge., Although negative by testicular
darktield examination during 6 months of observation, recntly completed
findings showed that one recipient animal developed both PTA-ARS-and TPI
antibody within 1 vmth and 2 months, respectively, after noide and testes
transfer, indicating the preseo of viable.p infectious treponmse in the
vaccine dos (a) . received by the lamnised donor rabbit s Noos of the
remaining recipient animals. shoved evidence of infection during the 6 mnths,
of observation, as measured by negative dackfiold exsminations and TPI tests
(PA-ASS tests have been completed an 4 112 mooth specimens snd are negative).
go. Present of infectious treponefts within a vacin consisting of I-

idiated, liquid nirgnp re rgamissms, together with the fact
that freahly isolateds 7-trradiated I. Milljj has saver been shows to
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contain infectious organisms, suggests the interesting possibility that

DNA repair has occurred during storage of the treponemal suspensions, thus

pointing to the necessity for increasing the total 7-irradiation dosage to that

which will result in irreversible DNA damage.

Four weeks after the last inmunizing injection the 12 surviving vaccinated

rabbits and 12 non-uinunized control animals were challenged intradermally

at each of 4 sites with 2360 T. pallidum, Nichols strain, per site. Evidence

of partial imanity among the 11 animals receiving non-infectious vaccine

was demonstrated by the occurrence of a significant delay in the develop-

sent of lesions, ranging from 3 to 14 days in each of the iWmnized rabbits.

compared to the non-inmuniaed controls. Further.8 of the 11 vaccinated

animals developed relatively flat, erythematous, atypical lesions which

healed at a time when 10 of the 12 control rabbits were exhibiting

ulcerative lesions. It is interesting to note that the animal ioemnized

with vaccine containing infectious treponemes did not develop a greater

imunity than the animals which were partially protected by means of

completely inactivated organisms; atypical lesions developed after a delay

in the incubation period of 7 days compared to the control animal and

persisted longer than the atypical lesions which occurred in the other

"test" animals.

The enhancing effect of the adjuvant was suggested by a comparison of these

results with those obtained in the previously described Intrausecvlar

experiments in which the vaccine contained no adjuvant end the iiuited

animals were challenged with significantly fewer reponasM (1500 per sito).

In the latter experimant, aoe of the 8 vaccinated rabbits exhibited a

delay of more than 7 days in the appearance of lesions coaered to the

o-Lanunied controls. Additionally, In contrast to 6 of the It animals

vaccinated vith the treponeme-adjuvant mixture, only I of the S rbbita

developed flat, erychemstosa, atypical lesions.

'thus, the experimmts show *om degree of eshamced hosologous aquir*4

resistance remulting from the use of an a1#ate-8lucoMte adjuveat with
irraiatd ltuidnltog~nre~rve ! ~ Nicolsstrailk, as a

weccie utilized in s practical* reduced time nd injection schedule.

and points to die necesaity for further eperiments aployieg modifieations

in the speciag and nmbers of vaccine Injections as well as mller challenge
isocula in order to clearly demstrate lm le*e but significant resistafte.

Te finding of infectious treponemas in the preserved vaccine also indicates
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the necessity for exposing the trepooemes to a greater total 7-irradlatioa

dosyle prior to processing and storage in liquid nitrogen.

2. Antibody esponse

Inasmuch 'DRL, TPI, and FTA-ABS antibodies are important in the diagnosis

and control af syphilis, the finding that they develop during the 37-week

intravenous imuniation process wd persist in some animals for at least

one year after vaccinatiou is cd reat significance, and points to the

serious restrictions which could be imposed upon a human vaccine with the

"as antibady-producing capacity (Miller, 1973). Thus, as described in

Annual Report No. I and Renewal Application 4/18/73, it is intertsting to

note that two weeks after completlon of Immuniation and just prior to

challenge, each of the animals vaccinated by the intravenous or intramuscular

route with liquid nitrogen-preserved treponees vlithout adjuvants in the

previously described oxperiment had developed both VDRL and FTA-ABS antibodies.

The VDRL antibody titers ranged from 1:64 to 1:256 among the intrzvenous-

immnted ano from 1:2 to 1:8 amg the iutrtmuscuir-ti nl-ed rabits,

while PTA-ABS titers ranged f os 1:160 to l:2560 amon the intrawnous-

imuaized and from I:160 to 1:1280 amono the ftrsusectlar-tiunized animls.

In contrast, only 3 of the 9 intrmvenwa-vaccineted ani*Als In contrast,

on' 3 of the 9 intravtious-vacclnaced aniAls exhibtted TPI titers, ranging

from 1:11 to 1:-26, BAtilo -thoyo ftcirtatod b h r u

Mto showed eyldMtc unbi nthd

Sftilarly, each of the animals vaccinated intrmaosularly with preoervad

tropoe*@a and 41a n '-gluco*.te adjuvant had dve.oped VDRL antibody

titers, rangin fro l:2 to 1:& vithin 4 weeks after complettua of

oanitattio and just prior to challenge, mhile none of the 5 anfools

tested to date had dovlopted TP? antibody (FrA-ASS deteroloationi have

not as yet be"n carwie, out). t is interestoing to speculate concerning

the possibility that VVIL antibody say have developed in retponse to

rabbit tissue present in the vaccine rather than to the trtol5aues per so,

particularly to llbt of rectat finding of Soibert that cardiollpri is

present i rabbit ttaticulsr tissue ad absent frm T. U.l_ du , It0hols

strain (Personal Cumwsitation). Such fiedts lend further ispetus to

the esceaity for studies relating to the purification of T. PAIUdt;o.
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3. Degree of heterologous AcgieResistance

As indicated in Renewal Applicat~ion 4118/73, the data of Turner and

Hlollander (1957) suggest that raLbits infected with the Nichols strain

of T. pallidum exhibit a lesser degree of immunity to re-infection with

some heterologous rabbit-adapted human strains as compared with the

homlogous strain. Further evidonce for possible protective antigenicI dissimilarity among strains emanates from studies in this laboratory in
which it has been shown that (a) i lipopolysaccharide antigen from the

avirulent cultivatable T. reiteri is shared by the rabbit-adapted Nichols

strain of T. pallidum but not by humian strains (Miller, Debruijn, Bekker

and Onvlee, 1966), (b) 411 ultracentrifugally homageneous polyeacchatride

isolated from the Nichols strain reacts with homologous rabbit hut not

human anti-syphilitic sera (Hiller. Bekker, DeBruijn and onvlee 1969),

and (c) rabbit anti-syphilitic sera prepared againat the

rabbit-adapted Utrecht straiin of T. pald~ and ahsorbed with an ult..rasonc

lysete prepared fr~.i the homologous strain, shov "activity in the prevence

of Nichols strainu lys-ato Antigen (Hiler, U~kker. GOvlee and Debrvijn.

unpublished data). Of critical tw-ortiaca, then, is the necoosity for

detervtnitvs whtthor 4nitaa 1,sjri~ca with and revivvant to the NKIch*14

strain of !1. palj oa asto imut%- to hotarolorus r~bbttiptt,4 hwun

arain*. Such srudles are predicoti~4 up~m thtv #vcrossb** .cIetu o

acquired rostatowite avloylng adjtovanto and liqvid trnpe vc

____ gNiKchols atrata.4t as otrausc~ilet vocctt* it% a

tojection and time .ttieulv~.

8.N'VV lo of IX j =ij4A , NUhrl* IM-41"

the praparttoo of put* t ovmml *v*"p cioas to aswitltal not ooly' to tho

developftat of a prmctical experlftoia ood hu-man vaociov utilizing Intoct

N. MUjdjsm but also a# a prelude to th# itsolation and ciuactericttina of

protela and poltcchbatda firom the Nichols and *thr rbbit-adspted atrairts

of T,* gA~jldue Witch coetftvblo could be mepleyed as either Ir o'afor

vcc~attio or as antigewa for specific serolog1 ic gos Spculattiwy.

the admiastratioa of rabit tissue-,cmtAftinatod Vaocinea to hssatzi. coUld 14t*4

to hyperossiativity reacttoos rtlated to foreign protvia *.csitization as well

at to te-tticular damage resultiAg fra an iawe tvp.444 to tests*-sPeftic

nttgav (Killer# 1913).

As described io Anoial Ropet Io. I sad *eotwal Applicatiou 4/18/73, 'kleau'

ssois with steelleot merpbology vhga algieed mader the 4arkf 1.14
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microscope have been prepared by multiple centrifugation techniques. Briefly,

rabbits were infected intratesticularly with T. pall dum, Nichols train,

and injected with cortisone in order to produce maximal yields of treponemes.

The testes were aseptically removed at the height of lesion development,

carefully segmented, washed, sueended in phosphate b'uffered salIne and

extracted by shaking under 95%N2 - 5ZCO2 equilibration for 1-1/2 h urs in the

cold. Additional medium was added and extraction allowed to continue overnight.

The suspensions were removed after each extraction and centrifuges four times

at 2000 RPM for 10 m. ites. After the final centrifugation, the supernatant

was removed, centrifuged at 19,000 X g for 30 minutes, washed four times with

phosphate buffered saline, and resuspended in approximately 1 ml of the last

wash. The suspensions were examined by darkfield microscopy and frozen at

-200C. Portions of the "clean" suspensions are swaiti-Z@ further analysis (a)

for tissue components by electron microscopy and gel diffusion utilizi.. anti-

serum prepared against rabbit testicular homogenate ane (b) for serological

activity. Additionally, as described in Renewal Application 4/18/73,

_urification experiments utiliziog discontinuous "Ficoll" density gradients

for separation have been initiated at the California Hospital Medical Center

in cooperation with Dr. John Sykes, who has successfully employed this

techniquu for the separation of tumor cells from fibroblasts (Sykes, Whitescarver,

Briggs and Anson, 1970). Preliminary studies already carried out have shown

thet "clean" actively motile preparations of T. pallidum, Nichols strain, can

be obtainel. Intratesticularly-infected rabbits were sacrificed at the height

of orchl cis development and the testes aceptically removed and segmented.

Extraction was carried out in 50. heat-inactivated rabbit serum-saline medium

under 15. N2 - 5% CO2 equilibration for I hour at room temperature. In order

to minimize thr interfering effects of the fibrinous exudate, the resulting

treponemal suspensiou was diluted 10 times with Eagles minimal essential

medium wittdout calcium (EM) and containing 50% heat-inactivated fetal calf

serum. The diluted extract was then strained through 4 layers of gauze to

remove gross tissue particles, then centrifuged at 900 X g for 10 minutes

to remove further small-particle debris. The supernatant was centrifuged at

19,000 X g for 20 minutes, the resultant pellet re-suspended in 10 ml of the

ME-fetal calf serum solution, and additional clarification carried out by

centrifugation at 900 X g for 10 minutes. The suspension was again

centrifuged at 19,000 X g for 20 minutes, the supernatant discarded, and the

pellet re-suspended in MEN containing Ficell(density + 1.030). The MEM-Fcoll

suspension was layered onto various discontinuous gradients of Ficoll dissolved
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in ME4 and centrifugation carried out at 8,923 X g for 10 minutes at 25 0C

in a Spinco L-2 HV preparative ultracentrifuge using an SW-50 swinging

bucket rotor. Following centrifugation, the various interdensity zones

were collected by bottom puncture under direct visual observation and

examined by darkfield and electron microscopy; additionally, the treponemes

from each interface were examined in the FTA-ABS test for antig iic integrity

and purity. The cleanest preparations wer* obtained at the 1.050 - 1.065

gis/ml interface. Both darkfield and electron microscop, iled to reveal

evidence of tissue contamination; FTA-ABS tests employing the gradient

treponemes as antigen not only revealed reactivity at the same level as

standard, non-purified antigen preparations, but also appeared free of any

tissue debris. Of important significance was the finding that gradient

treponemes retaied their motility, thus lending hope to the possibility

that immunogenicity and virulence has also been retained.

I. MECHANISM(S) OF THE ,MU RESPONSE IN EXPERIDINTAL SYPHILIS (OBJECTIVE NO. 2)

A. The Role of Humoral Antibody

1. Experimental Syphilis

As described in Annual Report No. 1, Renewal Application 4/18/73, and

Hiller (1973), it had not been possible to demonstrate, by "in vitro"

or "in vivo" m..thods, a role for humoral antibody in the iumune response.

The finding that TPI antibody is not asscciated with acquired resistance

together with the inability to demonstrate evidence of passive protection

in rabbits injected with a single dose of immune serum or immune globulin,

seemed to support the conclusion that immunoglobulins are not involved.

a. Combined "In Vitro" - "In Vivo" Netralization

As described in Annual Report No.1 and Renewal Application 4/18/73,

preliminary experiments employing a combined "in vitro" - "in vivo"

neutralization system have suggested that humoral antibody is

overative. Sera were obtained from 2 infected-nmmune and from normal

(nou-imiune) rabbits on the day of the experiment. A suspension of

#4 3.1um, Nichols strain, containing 104 troponemes was prepared

and added, in equal volumes, to tubes containing each of the immune

and the pooled non-imane sera. The tubes were then equilibrated

with 95% N2 - 5Z CO2 and placed in the 340C incubator. After 4 and

16 hours, respectively, 0.2 ral of each of the mixtures (containing 1000

treponemes) were inoculated intradermally into the shaved backs of 2

normal recipient rabbits for each time schedule according to the

following protocol:
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Pooled Pooled

Imune Serum #1 Non-Iuowmne Serum Immune Serum #2 Non-Immune Serum
++ + +

Treponemes Treponemes Treponemes Treponemes

o 00

0 0 0 0
o00o0 0

0 0 0 0

Those sites which received the immune sera-trepone*e mixtures

incubated for 4 hours developed generally imaller lesions after

a 2 to 4 day longer incubation period as compared to those sites

injected with the non-immune sera treponeme suspension. Those sites

which received iuu'ne sera-treponeme mixtures incubated for 16 hours

failed to develop lesions during the 55-56 day observation period

as compared to the non-imune-treponeme control sites, where lesion

development occurred in 14-18 days.

Definitive experiments are now underway to 1) confirm the suggested

role of humoral antibody utilizing this technique, 2) determine

whether neutralization can be used to assess the "immune status" of

the rabbit host during the development of resistance, and 3) determine

the location of neutralizing antibody during the development of

resistance. Fifty-one rabbits have been given an "imunising

infection" intratesticularl with T. pallidum, Nichols strain.

The developing izmune response has been determined by intradermal
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challenge with 1000 homologous treponemes at 10 days, I most .,

2 months, 4-1/2 months, 6 months and 8 months after itfection.

Sera have been obtained just prior to each challenge, pooled, and

frozen. Quantitative neutralization tests will be carried out on

each sequential set of pooled sera according to the method already

described but utilizing only the 16-hour "in vitro" incubation

period prior to injection of the serum-treponme mixture Pitc, normal

recipients. An attempt will then be made to correlate the

neutralization titers with the Jimune status of the animals at the

spaced intervals of time following infection. Quantitative

neutralization tests will also be carried out on (1) the sera

obtained from rabbits vaccinated with 7-irradiated, preserved

tzeponemes and alginate-gluconate adjuvant in an attempt to

correlate titers with the iunune response to challenge and (2)

the IgG and IgM fractions of the infected-inmmune and vaccinated-immine

sera in an attempt to determine the imunoglobulin location of
"neutralizing" antibody during the development &nd persistance of

resistance. Appropriate controls will be included during each

experiment.

b. Passive Protection

Further evidence for a humorAl antibody mechanism has come from both

preliminary and definitive (in progresR) passive protection experiments.

As noted in Annual Report No. I and Renewal Application 4/10/73, based

upon the presumption that previous failure may have been due to the

relatively rapid disappearance of antibody from the rabbit host

following a single injection of itmune serum or globulin, a pilot

study was designed in which 2 normal rabbits were injected intravenously

with 5 ml of immune serurm, challenged intraderwally at 4 sites with

1000 T. p~tid, Nichols strain, 2 hours later, then injectru dail
with 4.5 to 5 ml of immune serum for a total of 25 days. As controls,

2 additional rabbits were similarly injected with 5 ml ,of normal

(non-immune) seriua and 2 rabbits with 5 ml of saline. The 2 saline-

injected animals developed typical lesions in 15 and 18 days, while

the 2 non-immune-injected rabbits developed typical lesions in 13

and 17 days after challenge. In contrast, one of the animals that

received Immune serum developed atypical, flat, erythitmatous lesions

(characteristic of partial resistance) 12 days after challenge with

N!
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complete healing occurring at day 40. The second rabbit recipient

of immune ser.m failed to develop lesions for 35 dys after challenge,

thereby providing additional evidence for a humoral antibody mechanism.

The delay in the incubation period could signify the presence of

insufficient amount of antibody necessary to destroy all treponemes in

the challenge inoculum. However, it was interesting to note that

typical lesions developed in this animal 10 days after the cessation

of immun senum injections, suggcting the rather interesting hypo-

thesis that the challenge treponemes may have taken up an intra-

cellular residence upon introduction into t,:e host, 4 th continual

huoral suppression by antibody oc-:urring until the discontinuAnce of

imune serum injections. Evidence of protection was aga..n noted in an

additional preliminary experiment in which 2 rabbits that had received

daily intravenous injections of 5 ml of immune serum and were challenged

intradermally with 2000 To pallidtim at each of 4 sites 2 hours after

the initial injection, developed atypical, flat, erythematous lesions,
while 2 similarly injected and challenged developed sfmall, flat lesions

compared to the typical lesions which occurred in the non-immune

serum-and saline-injected controls. Further, the "test animal"

lesions remained as described up to the 75 days of observation in

contrast to the progressive development of indurated and ulcerative

lesions in the control animals. An attempt to obtain a similar

protective erffct was unsuccessful with 5 ml of imune -erum

administered intravenously every 3 days or every 5 days as %M an

with a single intrapetritoneal injection of either 10 ml or 40 ml of

immune serum.

Thus, the evidence appeared to indicate that passive protection

could be convincingly demonstrated only by continuous daily intravenous

injections of immune serum utilizing up to twice that amount employed

in the previous experiments. A definitive experiment now in progress

was designed in which each of 5 serologically non-reactive, normal

rabbits were inoculated intravenously with 3 ml per Kg body weight

(-%;Oml) pooled Im~ime sera frer)ly obtained frou rabbits with a

T. gWidum infection of 13 month& duration; the pooled sera were

injected at 4-hours prior to int" dermal challenge with 1000 TO
vallidum at each of 4 sites, and daily thereafter for 37 days. At

the same time, fresh normal rabbit serum and saline vere injected into



Annual Report No. 2 Page 13

each of 5 rabbits under the same conditions and for the same length

of tive. The protection afforded by the imumne sera was unequiv ,cal.

While typical lesions developed in the normal serum and saline recipients

in 10 to 14 days, each of the 5 animals receiving immune sera developed

only a faint erythema at 1 to 4 sites in 13 to 54 days (average 35)

after challenge and from I day before to 40 days after the appearance

of the last lesion in the control animal; further, the redness

disappeared in 6 to 26 days after its appearance from all but the 2

animals in whom the erythema developea 50 to 54 days after challenge

or 13 to 17 days after the last injection of imune sera. (The latter

have shown the appearance of induration at day 54.) Reappearance of

the erythema occurred in 1 animal 13 days after the final in-nune sera

administration and has prog:essed to an irregular induration up to the

present time. (54 days). The results would seem to suggest that the

use of twice the amont of immine sera, compared to the preliminary

experiments, produced an initial and continued antibody level which

allowed a greater number of treponemes to be destroyed, thereby

eliciting a clearer demonstration of protection. The re-appearance

of erythema in 1 animal 13 days following cessation of inumune sera

injections, together ith the developouent of initial lesions in 2

animals 13 to 17 days after immune sera injections were terminated,

suggests the possibility of an intracellular location for tropeneoss

surviving in the challenge inoculum. Node and testes transfer of the

"test" rabbits to normal recipients is planned after 3 months of

observation in order to ascertain intracellular location and %hethor

dissemination has occurred from the local sites of challetge. Separato

experiments to determine the imuuoglobuliu location of "protective"

antibody have also been planned.

Although the mechaniam(s) whereby imtunity develops in human syphilin

is unknown, the recnnt success in elucidating a role for humoral antibody

in experimentil syphilis has propted the application of the *sme

neutralization and passive protection techniques to the human disease in

an effort to reveal an operative antibody mechanism, Blood peiuiena from

patients with primary, secondary, latent, and tertiary syphilis are being

obtained from the Loa Angeles County Health Department (ollyood-

Wilshire V.D. Clinic).
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Serum is remo'ied at the U.C.L.A. laboratory and frozen for future use in

planned neutr.iization experiments analagous to those already described

for the experimental syphilis system. Passive protection experiments

with human syphilitic sera necessitate the use of recipient rabbits

made tolerant at birth to human globuLin. These studies arL being planned.

B. The Role of Cell-Mediated Phenomena Tn Experiraental and Human Syphilis

As indicated in Annual Report No. 1 and Renewal Application 4/18/73, .ie demonstra-
tion that cell-mediated phenomena may participate as a mediator of acquired re-

sistaie in cxperimental and/or human syphilis has been linmpered for the most part

by the lack of satisfactory methodology which would allow the performance of

experiments from which definitive i;. d unequivocal cornlcions could be drawn. This

laboratory is now concerned with the development and application of techniques

which could be utilized in experiments relating to (a) the direct cytotoxic action

of "imute lymphmytes" upon T. pallidtun and (b) alteration of the in~ine response

with goat anti-rabbit thymocyto globulin.

1. Direct Cytotoxicity of "TImune Lymphocytes" Upon T. Pullidirn, Nichols Strain

Determination of the cytotoxic effect of imuune lymphocytes upon T. EALIid",

ispredicated upon the preparation of pure lyrphocytes which will remain viable

during thtir interaction with suspensions of virulent and motile T. Ballidum

without exertirng a non-specific haritful effect itpon the tropornemes. Conversely,

tho treponeme suspension misst allow the survival of lymphocytes during the

interacting period. Previous experiments have been based upon the hypotheris

that au atmosphere of 95% N2 - " C02 is essential for these axperiments, inas-

much as this environment is necessary for . Efltdum survival for 40 or more
hourz, However, recent findings by PAthlev at the State Serum Institute in

Copenhogen and in this laboratory hve suggested that the use of ?tCoyls 5a

medium allows both lymphocytes (as measured by trypan blue exclusion) and

treponemes to survive under aerobic conditions of. incubation at 35°C for

approximately 40 hours.

In preliminary experiments. relatively pure lymohocytes were prepared from 12
patients with latent syphilis, 3 patients with secondary syphilis, and normal

control donors as follows:

a. Rleparinized blood was layered onto a 9% Ficoll-hypaque gradieat and

centrifuged at 400 X 8 for 20 %knutes.

b. The lyMhocytes separated at the interface vere washed several times with



Annual Report No. 2 Page 15

Hank's balanced solution. Each washing was followed by centrifugation

at 400 X g for 10 minutes and resuspension of the pellet in the hank's

solution.

c. After the final washing, the lymphocytes were suspended in ItCoy's 5a

medium to give a concentration of approximately 106 lymphocytes per ml.

Treponemal suspensions in McCoy's 5a medium were adjusted to contain 1-2

organisms per field, combined with the lymphocyte preparations, and incubated

aerobically at 35°C. Motility was determined by observing 25 to 50 trepone~es

under darkfield microscopy. After 5 to 10 hours of incubation, all trp.2ncms

in the presence of the "test" lymphocytes were rendered ron-r jle as co,:.pared

to the 50. - 807. motility observed in the presence of "normal control"

lymphocytev. These exciting results suggest that cell-mediated plienomena

play role in the human syphilis imiune process and are being continued.

Heparinized speciw.ns from primary, econdary, latent, and tert" iry patielts

are being collected from the L.A. County Realth Department (Hollywood-Wilnhire

V.D. Clinic) for use in direct cytotoxicity studieou designed to corr ._±te the

appoarauce and perni, torce of cell-id ndiated pheuclena with the developtneit of

the h ' an sypiitti , irruno procenss. Adiltioally, the m.tho~loly iv beinl ex-

tended to the study of cell..-rdiatcd ibtutity in e.Teru'ocital .,hil. 1abita

solidly tamne as a reault of iufectiou with T. L,l.isin, Nichaolp . trnin, vill

be tested for evidence of lymphocyte cytutor.ieity. If succossit), et~idies

will ho designad to detrmine %tether the development *tnd rersistcnce of I"r.Jtnity

can be correlated with the degre of lymphocyLe cy'totoxicity.

2. Altoration of Innurktl and/or rnhttvceriont of t iiyrrrrtet

As described in Reneval Application 4/18/73, rabbit thyrmises have bean

collected, fsen ati trautported to Iylead Laboratories, whre goat

immnisation was carr'ed out. A total of approximately 550 ml has been provided

for this study, which has already been detSined and is underway. Fifty rabbits

have been given an "iazmizing infection" iutratesticularly with T. 04I.1

Nichols strata. At the end of 3 to 6 amths, when a relatively solid imiunity

should be waifest, 'CG, normal goat globulin (HKG) and saline will be

administered intravenously in 0.6 ulkg body weight amoums at days -7 (pre-

challenge), -4, 1, 3(post-chalen.ve) 7. 11, 15, and 19, as follwws:
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(20 - ATG

Immune Rabbits 10 - NOG

20 - Saline

10 -ATO
Non-Immune Rabbits 10 C- GG

10 - Saline

SAt day -1, lymphocyte depletion or alteration will be determined on relected

animals employing rabbit skin allografts. Ten rabbits in each gioup will be
challen4ed intradermally at each of 4 sites with 1000 T. allidu and
examined for lesion development for 3 months. Additionaiy, each of 10
immune rabbits administered ATG and saline (controls) will not be chi1lenged

in an effort to ascertain whether ATG can cau.e the re-appearance of
symptomatic disaae (lesions) in asimals with latent infection durin" a 3-
month period. VDRL, FrA-ABS, and TPI determinations will be carried out on

pro-and post-challenge blood samples.

* Il. TIL "IN VITP0" CL1.TTVTO" OF Z. - IN TTSSUr cuu.nr. MOOtt'yS . tZf.3)

The inability to culture T. yiIwn "in vitro", oil in artificial taediun
or in tissue culture, has hwpered and made cen-px those studies relating to the
biology end immunology of treponeace end traponemAl ti&eea. The dcmontr.tion
by Sykes and Miller (1971) that T. p.vo. takes p "i iutracel.lttlr locnativ
within the cells of rabbit te. tes follovina inoculation sggested an approach to
tissue culture based upon our ability to locate the traponemes within cells.
In cooperation with Dr. Sykes at the California Hospital Medical Center,

studies were initiated in an effort to explore the fate of 1. LiDlaLp! in tisEue
culture moa larsr and possible factors which influence survival and/or Crouth.

Secondary moolayer cultures derived fron tninoeulated rabbit testes Uere
established utilizing Uale's IMM mndium without antibiotiesoeps, and either
30% heat-inactivated fetal calf serum or 50? hoat-iucrivated normal rabbit serum.
In the Initial expermmuts, 2.5 to 3 ml of a , d suspensio pre"Ir*d in

the tissue culture mdius &ad containing 10 to 40 actively tile organims per
high dry darkfield was added to the smoneilayer cultures. Irnubation we* carried
out at 3°C. fta sistLon of the tissue culture fluid showed decreases in the
s.mber of trepaoemes with tie, suggesting that the organista may hove trkon
up am intracellular noideae. Electron micrographs confinied the hypothesis
sd dmonstrsted entry into the smoalayer cells within 30 minutes poet-isoculat ion.
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The development of lesions following the intradermal infection of rabbits with

washed monolayer cultures at periods of time after treponene introduction

provided clear evidence for the presence and persistence of virulent organisms

within the cells for at least 24 hours. Studies to determine how long they

survive under these conditions are continuing. In addition, the following

experim.nts have been planned to elucidate those factors which Influence survival

and/or growth.

1. The addition of superoxide dicautase (from E. Lojj) to the monolayers in

and effort to neutralize possible oxygen toxicity for treponemes (QcCord, Keele,

and Fridovich, 1971).

2. The use of chambers separ-,ted by membrane filters, utilizing superoxide

dismutase, reducing agents, or anti-oxidants on one Bide & ii the tissue culture

sonolay tr on the other.

3. Pulse chasing the Inoculated monolayers with short bursts of 95 N2 "

5% CO2 .

4. Quantitation of the nubibers of viable treponmes per individual cell at
L.. intervals of titae aftar Inoculation.

5. Pa nage of infected rabbit testos in monolayer to determtue if tim

trepom '.wa will reproduce within the now cells.

1-
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.RESEAR GOALS(JAMARY 1 1974 MCV - 7R31, 1974)

A. Preparation and storage, in liquid nitrogen, of freshly isolated T. pallidum

Nichols strain, which has been 7-irradiated with a total dosage of 1,000,000

rads, in an effort to effect coraplete treponemal inactivation without the

possibility of DNA repair during storage.

B. Initiation of experiuents designed to determine the d&gree of hoiologOU

resistance aud antibody response of rabbits i~mmnized intrarvuscularly with

4 liquid nitrongo-proterved, 7-irradiated (1,000,000 radD) T. pallidti',

vaccine doses 40ministered at 4 week intervals with alginate-gluconate adjuvant.

Each rabbit will receive 4Xl0
9 treponees per dote for a total of 16X0

9

orgauism .

C. Continuation of purification stedies employing both multiple centrifugution and

discontinuous Ficoll density gradient techniques as de~cribad in Backarcstd

and Rasearch Accoplts atu to. Suspensions will he annlyzed for motility as

well as for the prevenca of tivaue componenta by derkfield ari electron

-icroscopy. Portions of ecach "clean" sucpnsit-a will be lysc , -ta: aically

and tested for tiseua co t~u~ition by gel diffu: thow utUt zng ant' _&u

prepprcd against rabbit te ticul.r he-,orantt. Sorolo'icl anAlyis will be

carried out by (1) qvuutLtativa FTA-AUS tcnts utilixinls "clcn" vq, atannard.

son-purified trepoicwes as antigetn, and (2) qunitrtiave Ci' teatp utilLxin

soluble ultrasonic lysates of "clean" vi standird, non-puriffd tr-pone-a

as antigen*

*Chan" well as freshly extrocted, pou-purified tuaptnalos vhich have

been adjustat! to coutain identical unubors of or'ganisme will be injected

intrataticularly into uotal rabbits in an attewpt co detect differenees in

vtrulence. It so appreciable differenets are toted in autigetL-ity and virulence

of suspensions which have sataiLed the criteria of purity, experi,.ents viii

be initiated toeed elucidatlh4 their efficacy as a sotum of 7-irradiated

L. Gmiletion of in-depth seutraligatim and pasive protection expritmente

(described under Mcktround and ftsearch Acmplishments) detigaed to confirm

pe!lininay findinis ihch suggest a role for humoral attibody to the

•zprinmntal Imma reapose.
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B. Initiation of in-depth neutralization and passive protection experiments

similar to those referred to in A in an effort to dewonstrate a role for

humoral antibody in the human ieune response.

C. Continuation of direct cytotoxicity studies (described tinder Background and

Research Accomplishments) designed to determine whether cellular mechanisms

are operative in experimental and/or huran syphilis.

D.. Continuation of studies (described under Background and Research Accomplishments)

designed to alter the immune response &nd/or enhance susceptibility in

experimental syphilis utilizing goat auti-rabbit thymocyte globulin.

111. "I?~VTIr4 CULT, IVATION 0il T. P.U__1~1 IN TISU rUTtIM 1,0NOTAURIS

Continued effort3 to explore the fate of T. pallidum in tissue culture Wonolayers

and to elucidate those factors which influenee survival an/or gro-.th utilizing the

approachts described under Background and Research Accoauqlishments.
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The following have been used as references under Background and Research

Accomplishments in this report:

1. W.Cord, J.M., Keccle, B.B., and Fridovich, T. "An Enzymc-Based Theory of
Obligate Ander.:bliaes: The 1rhysiological 1unction of Sup roxide
Dismutase". PNAS, 61: 1024-1027, 1971.

2. Miller, J.1., "bt.tunity in L...Lettl Syphilsn. VI. Succe-ful Vaccination
of Rabbits with Tr-. n.-:]J. fu, NichIls strain, Attentuated by 7 -

Irradiation." J. I!!iunol, 1iL:206-1215, 1973.

3. M'ller, J.N., Dckker, J.H., Dztvijr, J.H. nd Onvlce, F C. "Antisenic
Structure of T ,-,- nali, Nichols strain. 1I. Entraction of a
Polysaccharide Antigen with 'Sttrair-Spec ifJ.c' Serological Activity."
J. Bact. 99: 132-135, 1969.

4. Hiller, J.11., DcPrtijn, J.H., Bekker, J.H. and Onvlec, P.C. "The Antigenic
Structure of ,twr a paDI1r,,, Nichoal strain. I. The Demoitstration,
Nature, and Location of S,ec ifc and Shared Antigens." J. of Ir-munox.
96: 450-456, 196G.

5. Sharpiro, A., ,ai, Y., and Kohn, A. "Efficar'es of Vaccines Containing
Alginate Adjuvant," J. App. Bact., 30: 304-311, 1967.

6. Sykes, J.A. ane Miller, J.N. "Intracelluiar Location of 7rr.ponnta-ldp nalltm
Nichols streiu, In the Rabbit Testis," Inf. and In. 4: 307-314, 1971.

7. Sykes, J.A., iite~csrver, J., Brir.c, L., ar.d! Anir, J.H. "Separation of
Tumor Cells fron Fibrnblaf:ts with V!e of Di.continuous Density Cradients."
J. Nat. Cancer Inst. 4S: 855-864. 1970.

8. Turner, T.E., and Vollander, D.H. "Biology of the Tronematoscs," WHO
Monograph Scries Uo. 35, 1957.

No ONR-sponsored resenrch hs been published as yet. However, it is anticipated

that at least 2 papers will be published during 1974.


